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Objectives
Angelica tenuissima Nakai (ATN) is a herbal medicine used in the
treatment of toothache, headaches, and cold symptoms, Published
research to date has not systematically explored the therapeutic
effects of ATN. The purpose of this study is to investigate the
effects of ATN on alleviating toothache and cold symptoms.
Methods
Effects of ATN on the proliferation and differentiation of hPDLSCs
were evaluated using MTT assay, Alizarin red S staining, real-time
PCR and western blotting. The roles of ATN during dentin-like
structure formation was investigated using hPDLSCs mixed with
treated dentin matrix either with or without ATN. An animal study
was, additionally, performed with subcutaneous cell suspension and
scaffold transplantation into immunocompromised mice.
For determining the antiviral property of ATN against influenza virus
(H1N1, H3N2), time of addition assay, microscopic examination,
influenza virus-ATN binding assay and real-time PCR were
performed.
Results
Angelica tenuissima Nakai promoted osteo/odontoblastic differentiation
of hPDLSCs, accelerated mineral nodule formation in vitro and
displayed no toxicity at higher concentrations. The mRNA expression
levels of ALP, COL1, OPN, DMP1, DSPP in hPDLSCs, and the
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protein levels of OCN, DSPP, DMP1, Runx2 were significantly
increased with ATN treatment. Osterix (OSX) gene
overexpressed-HEK 293 cells, treated with ATN (100 μg/ml), showed
an increase in BSP promoter activity. No apparent osteogenesis was
observed in both control and experimental groups in vivo.
Antiviral properties of ATN were observed against the H1N1 and
H3N2 viruses. Microscopy also confirmed an increased survival rate
of the host cells. The addition of ATN before virus adsorption
showed similar results with whole period treatment. The pre-treated
group and co-treated group showed a lower level of viral RNA (M1
protein).
Conclusion
The results of this study suggest that ATN promotes
osteo/odontoblastic differentiation of hPDLSCs and has an antiviral
property against influenza virus. These therapeutic properties of ATN
can serve as the theoretical basis for further research on the
applicability of ATN in periodontal tissue regeneration and antiviral
agent development.
----------------------------------------------------------
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Angelica tenuissima Nakai (ATN), belonging to the Umbelliferae family, is a
traditional medicine used to treat headaches, toothache, and cold symptoms in
the East Asian countries (1, 2). Hepatoprotective and antioxidative activities of
ATN are well-studied (3, 4), and its anti-inflammatory role as a
cyclooxygenase-2 inhibitor has also been reported (2). The anti-inflammatory
properties of ATN are due to its components that include ferulic acid and
various essential oil compounds, such as limonene, 3-butylidenephthalide, γ
-terpinene, ligustilide, senkyunolide, and neocnidilide (5-7). Ferulic acid has been
shown to neutralize lipopolysaccharide-induced inflammatory response (8).
Ligustilide prevents osteoarthritis by suppressing NF-κB activation through the
PI3K/AKT pathway (9).
A common cause of toothache is pulp tissue inflammation associated with
periodontal diseases. Dental caries leads to dental pulp inflammation, also known
as acute pulpitis, and induces a severe pulp pain (10). Damaged teeth restore
function and appearance relatively well after endodontic and restorative
treatment. Periodontitis is one of the most common chronic inflammatory
diseases which results in the destruction of periodontal tissues (11). Treatment
of periodontitis involves not only preventing infection but also regenerating
damaged periodontal tissue, including the alveolar bone, the cementum, and the
periodontal ligament. Routine treatments for periodontal disease include basic
treatment, guided tissue regeneration (GTR), and guided bone regeneration
(GBR) (12). The outcomes of these methods are limited and are often
associated with poor clinical predictability. From this point of view, stem cell
- 2 -
therapy has been studied and has shown improved clinical outcomes (13, 14).
Human periodontal ligament stem cells (hPDLSCs) represent one of the most
reliable sources of mesenchymal stem cells (MSCs) that have the potential to
differentiate into bone, periodontal ligament (PDL), and cementum-forming
lineages (15). These cells display self-renewal and multipotential abilities that
are useful in periodontal tissue treatment therapies and regenerative medicine
applications (13, 16, 17).
The destruction of periodontal tissue in periodontitis is due to inflammatory
reactions caused by bacterial infections. Thus, anti-inflammatory property of
ATN can play an important role in the treatment of periodontitis. It has been
shown that the anti-inflammatory effect of ATN is based on cyclooxygenase-2
suppression (2). However, no studies have focused on the effect of ATN on the
regeneration of periodontal tissues.
Influenza viruses have segmented negative-sense RNA genome which encode
virus proteins. hemagglutinin (HA) and neuraminidase (NA) are the
best-characterized viral proteins that categorize influenza A virus into different
strains (18). Influenza A viruses have been evolving and circulating among their
animal and human hosts ever since the pandemic influenza outbreak in 1918
that caused substantial mortality and morbidity.
At present, vaccines and antiviral drugs are used for the prevention and
treatment of influenza (19, 20). Currently, the application of two types of
antiviral agents known as M2 channel inhibitors and neuraminidase inhibitors,
are available for the treatment of influenza (21). However, use of these drugs is
limited by the emergence of drug-resistant viruses (22, 23). Many studies have
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focused on developing naturally-derived anti-influenza agents and traditional
herbal medicines (24). Although ATN has been used to alleviate flu-like
symptoms, no specific mechanism against the virus has been identified.
This study investigates the effect of ATN on periodontal tissue regeneration
and examines the antiviral scope of ATN in the treatment of influenza virus
infection, with the aim to understand the usability of ATN for the management
of periodontal disease and influenza infection.
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II. MATERIAL AND METHODS
1. Preparation of Angelica tenuissima Nakai extract
ATN was purchased from Kwang Myung Dang (Ulsan, Korea) and
its authenticity was verified at the Department of Herbology, College
of Korean Medicine, Wonkwang University. Extraction was performed
using the following method. After adding 1000 mL distilled water to
75 g of ATN, the mixture underwent decoction for 2 h at 100°C,
followed by enrichment and freeze-drying process to obtain the ATN
extract. The yield of the dried extract was 13.7 g
2. Preparation of hPDLSCs
hPDLSCs were isolated from human third molar. Experiments were
conducted using teeth obtained from healthy young male over the age
of 20. The protocol was approved by the Institutional Review Board
of the Wonkwang University Dental Hospital, Iksan, South Korea
(IRB No. WKDIRB-201708-02). hPDLSCs were isolated from the root
surface using a scalpel. The separated tissues were digested in the
alpha-modification of Eagle’s medium (α-MEM; Gibco BRL, Grand
Island, NY) containing 4 mg/mL dispase (Boehringer, Mannheim,
Germany) and 3 mg/mL collagenase type I (Worthington Biochem,
Freehold, NJ) for 1 h at 37°C. Single-cell suspensions were obtained
by passing the mixture through a strainer pore size of 70 µm strainer
(Falcon BD Labware, Franklin Lakes, NJ). The cells were cultured in
100 mm dish with α-MEM containing 10 % fetal bovine serum
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(Gibco BRL), 100 μM L-ascorbic acid 2-phosphate (Sigma-Aldrich,
St. Louis, MO), 2 mM L-glutamine (Gibco BRL), 100 U/ml penicillin,
and 100 μg/ml streptomycin (Biofluids, Rockville, MD) at 37°C in 5%
CO2. The third or forth passage of cells was used for the experiment.
3. Flow cytometric analysis
The immunophenotype of hPDLSCs was characterized by flow
cytometry. The expression of mesenchymal stem cell-associated
surface markers at passage 3 was analyzed. Cells in their third
passage (1.0 × 106 cells) were suspended in phosphate-buffered saline
(PBS) containing 2 % fetal bovine serum (Gibco BRL) for 30 min for
blocking. Cells were then incubated with antibodies specific to CD34,
CD13, CD90, or CD146 at 4°C for 2 h. All antibodies were purchased
from BD Biosciences (San Jose, CA). Flow cytometry was carried out
using the FACS Calibur flow cytometer (Becton Dickinson
Immunocytometry Systems, San Jose, CA). The percentage of CD13+,
CD90+, CD146+ and CD34- cells was measured.
4. Osteogenic, chondrogenic and adipogenic differentiation
To evaluate osteogenic, chondrogenic, and adipogenic differentiation,
cells were cultured in StemPro Osteogenesis, StemPro
Chondrogenesis, and StemPro Adipogenesis differentiation medium
(Gibco BRL), respectively, with the appropriate supplements. At week
3, the cells were washed with PBS and fixed in 3.7 %
paraformaldehyde for 10 min. The cells were stained with 2 %
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Alizarin red S stain (Sigma-Aldrich), 1 % Alcian Blue
(Sigma-Aldrich), and 0.3 % Oil Red O dye (Sigma-Aldrich) to detect
osteogenic, chondrogenic, and adipogenic differentiation. Cells were
visualized under a light microscope.
5. Cell proliferation/cytotoxicity and migration assay
Cytotoxicity of ATN was evaluated using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. hPDLSCs cells were cultured for 24 and 72 h in a 96-well
plate containing various concentrations of ATN. After adding 20 μL
of MTT (5 mg/mL) solution into a 96-well plate, cells were
incubated for 1h. The supernatant was removed, and isopropanol (100
μL) was added. The solubilized MTT crystals were quantitatively
analyzed by measuring the absorbance at 490 nm using SpectraMax
190 (Molecular Devices, San Jose, CA).
To observe the effects of ATN on cell motility and hPDLSC
migration, wound healing assays were performed on hPDLSC
monolayers. Cells were allowed to grow to 90 % confluence in 6-well
plate. Cell monolayers were wounded with a plastic tip (1 mm). Cell
debris was removed by washing twice with PBS and then incubated
either with ATN (100 μg/ml) or without ATN. Cell migration into the
wound surface was examined under microscopy at 0, 12, 18, and 24
h.
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6. Alizarin red S staining
Cells were cultured in 24-well plates in α-MEM containing 10 %
FBS at an initial density of 4 × 104 cells/well until reaching 50-60 %
confluence. For mineralization, the hPDLSCs were cultured in
osteogenic differentiation medium with 50 μg/ml ascorbic acid, 10 mM
β-glycerophosphate, and 100 nM dexamethasone (Sigma-Aldrich) for
2 weeks. At week 2 the accumulation of mineral nodules was
detected by staining with 2 % Alizarin red S (Sigma Aldrich) at pH
4.2. For measuring calcium content, the cells were destained by
adding 3 ml of 10 mM sodium phosphate in 10 % acetylpyrimidium
(pH 7.0) solution to each stained well, followed by a 15-min
incubation at room temperature. The destained samples were
transferred to a 96-well plate and their absorbances were measured
at 562 nm.
7. Western blot analysis
hPDLSCs (1.0 × 106 cells/dish) were cultured in osteogenic
differentiation media with ATN (100 μg/ml) or without ATN. for 2
weeks. Cell lysate protein concentrations were determined using the
DC Protein Assay Kit (Bio-Rad Laboratories, Hercules, CA). Equal
amounts of protein (30 µg/lane) were resolved by SDS-PAGE and
transferred to a polyvinylidene difluoride membrane (GE Healthcare,
Buckinghamshire, UK). Primary antibodies against runt-related
transcription factor 2 (Runx2), α-tubulin (Cell Signaling Technology,
Danvers, MA), bone sialoprotein (BSP), osteopontin (OPN), osteocalcin
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(OCN), dentin sialophosphoprotein (DSPP), and dentin matrixprotein 1
(DMP1) (Santa Cruz Biotechnology, Santa Cruz, CA) were used.
Blots were developed using horseradish peroxidase-conjugated
secondary antibodies (Cell Signaling Technology) and visualized using
an enhanced chemiluminescence kit (GE Healthcare).
8. RNA preparation and real-time PCR analysis
To evaluate gene expression levels in ATN-induced differentiated
hPDLSCs, 1.0 × 106 cells were seeded in a 60-mm culture dish and
cultured for 2 weeks under osteogenic differentiation induction
conditions. Total RNA was prepared using an RNeasy Mini Kit
(Qiagen, Valencia, CA). Oligo (dT) primers and reverse transcriptase
(Takara, Nojihigashi, Japan) were used to synthesize the cDNA.
Real-time PCR was performed using the SYBR Premix Ex Taq kit
(Takara) on a StepOneTM Real-Time PCR System (Molecular
Devices). Samples were incubated at 95°C for 30 s followed by 40
cycles at 95°C for 5 s and 60°C for 30 s. The expression level of
GAPDH (glyceraldehyde-3-phosphate dehydrogenase) was used as an
internal control to normalize mRNA expression. The ΔCt was
determined by subtracting the Ct value of GAPDH from that of the
target. The relative expression levels of each gene were calculated
using the 2-ΔΔCt method. The specific primer sets used for this
analysis are listed in Table 1.
- 9 -
9. Luciferase reporter assays
A luciferase reporter plasmid containing the promoter for the bone
sialoprotein(BSP-Luc), a pCMV-β-gal plasmid, and a combination of
OSX expression plasmids were transfected into HEK 293 cells.
Transfected cells were treated with ATN (100 μg/ml) or without
ATN for 24 h and then lysed for the assessment of luciferase
activity using Luciferase Reporter Assay Kit (Promega, Madison, WI).
The transfection efficiency was normalized using β-galactosidase.
10. Evaluation of ATN effect on hPDLSCs in vivo
To study the effects of ATN on dentin-like structure formation in
vivo, hPDLSCs (1.0 × 107 cells) were mixed with treated dentin
matrix (TDM), either with ATN (100 μg/ml) or without ATN. The
human TDM, used as an inductive scaffold, was fabricated according
to a previously reported protocol (25). The suspended cells were then
transplanted subcutaneously into immunocompromised mice (n=6)
(BALB/c-nu). For histological analysis, samples were obtained 8
weeks after transplantation and fixed in 3.7% paraformaldehyde
solution made from 95% paraformaldehyde powder (Sigma-Aldrich)
diluted in PBS for 48 h at 4°C, followed by their decalcification using
12 % EDTA (pH 7.4) at 4°C. The decalcified samples were embedded
in paraffin and cut serially. Semi-serial 5-μm sections were prepared
for hematoxylin and eosin (H&E) staining. Stained sections were
examined under a light microscope.
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11. Propagation of Influenza virus in Madin–Darby canine
kidney (MDCK) cell line
Influenza A/H1N1/2009/CA was provided by the Korea Centers for
Disease Control and Prevention. Influenza A/H3N2 isolated from
humans in 2014 was donated by the Korean National Research
Resource Center (Seoul, Korea) (registration number: KBPV-VR-85).
Madin–Darby canine kidney (MDCK) cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco BRL) supplemented with 2
mM of L-glutamine, 0.1 mM non-essential amino acid mixture, 100
U/ml penicillin, 100 μg/ml streptomycin (Biofluids) and 10% FBS
(Gibco BRL). All cells were cultured as monolayers and incubated at
37°C in 5% CO2.
12. Hemagglutination assay
Influenza viruses of the H1N1 and H3N2 subtypes, cultured in MDCK
cells, were used to check the effectiveness of ATN. To compare the
titer of Influenza virus, a Hemagglutination assay was used. A
round-bottomed 96-well dish was prepared as follows: in the first
column of the plate, 50 µl of virus sample was added; wells in the
subsequent columns were filled with 2-fold serially diluted samples.
After adding serial dilutions of the virus samples, 50 µl of 0.5 %
chicken red blood cells were added to each well and mixed gently.
The plate was incubated for 30 min at room temperature. Following
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the incubation period, the assay was analyzed to distinguish between
agglutinated and non-agglutinated wells.
13. Determination of Influenza a Virus TCID50
The influenza virus was 10-fold diluted and added to a 96-well plate,
which contained 2 × 104 MDCK cells/well. Infected cells were
incubated at 37 °C for 72 h. The endpoint was determined when the
CPE appeared. The titer was calculated using the Reed–Müench
method.
14. Influenza virus–ATN binding assay
The attachment between virus and ATN and was evaluated using a
binding assay. Influenza virus H1N1 or H3N2 (MOI = 0.5) was
pre-incubated with ATN (0.8 to 100 μg/mL) at 4 °C for 1 h The
titer of ATN-treated virus was determined using a hemagglutination
assay.
15. Time-of-addition assay
MDCK cells in 6-well plates were infected with influenza virus H1N1
(MOI = 0.5) between - 1 and 0 h for 1 h. The cells were then
treated with ATN (100 μg/mL) at five different intervals: -3 to -1 h
(pretreatment), -3 to 9 h(whole period treatment), 0 to 9 h, 3 to 9 h,
and 6 to 9 h post-infection (pi). The supernatants were harvested at
9 h pi. the Viral titer was determined using a TCID50 assay protocol.
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16. Microscopic examination of virus infected cells
MDCK cells in 24-well plates were pretreated with various
concentrations of ATN (50 – 800 μg/ml) for 2 h and then infected
with influenza virus H1N1, H3N2 (MOI=0.5). Microscopic examination
was performed at 24 h pi using a light microscope with 4X objective
lens.
17. Evaluation of In vitro cytotoxicity of ATN
The cytotoxicity of ATN against MDCK cells was determined via
MTT assay, which was performed for 48 h with various
concentrations of ATN. The 50% cytotoxic concentration (CC50)
values were calculated using Prism 5.03 software (Graphpad Software,
San Diego, CA).
18. Viral RNA isolation and real-time PCR
MDCK cells were infected with influenza virus H1N1, H3N2
(MOI=0.1) for 1 h, and treated with ATN (1 mg/ul) at the indicated
period. Cells were harvested at 9 h pi. Real-time PCR was carried
out same as described in the previous method. The primer sequences
for M1 were 5′‐-GAC CAA TCC TGT CAC CTC-3′ (forward)
and 5′-GAT CTC CGT TCC CAT TAA GAG-3′ (reverse). The
GAPDH primers were 5′-AAG AAG GTG GTG AAG CAG GC-3′




Statistical analysis was performed using Prism 5.03 software
(Graphpad Software). One-way ANOVA with Tukey’s post-hoc test
was used. P values < 0.05 were considered statistically significant.
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Table 1. Primer sequences for reverse transcription-polymerase chain
reaction
Abbreviations: ALP, alkaline phosphatase; Col1, type 1 collagen; OPN,
osteopontin; DSPP, dentin sialophosphoprotein; DMP1, dentin matrix
protein 1



























1. Characterization and multi-lineage differentiation of hPDLSCs
To characterize the cultured hPDLSCs, the multi-lineage
differentiation capacity of hPDLSCs was investigated in vitro with
osteogenic, chondrogenic, and adipogenic medium. After 3 weeks of
osteogenic, chondrogenic and adipogenic induction, hPDLSCs formed
Alizarin red S-positive mineral deposits, Alcian Blue-positive nodules
and Oil Red O-positive lipid droplets throughout the adherent layers
(Fig. 1A). Flow cytometric analysis was performed using
mesenchymal stem cell marker including CD13, CD90, and CD146.
Flow cytometric analysis showed that 97.79% of hPDLSCs expressed
CD13, 99.55% expressed CD90, 90.85% expressed CD146, and 0.18%
expressed CD34 (Fig. 1B). The percentage of positive cells was
determined by the relative intensity of antibody-binding cells. Putative
positive markers of MSCs include CD13, CD90, and CD146 (26, 27),
whereas CD34 is an MSC-negative marker that marks primitive
hematopoietic progenitors and endothelial cells (28).
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Figure 1. Characterization and multi-lineage differentiation of
hPDLSCs.
(A) To investigate the multi-lineage differentiation potential of
hPDLSCs, the cells were in vitro cultured in osteogenic, chondrogenic,
and adipogenic differentiation media for 3 weeks. Alizarin red S
staining, Alcian Blue staining and Oil red O staining respectively
showed the progress of each group differentiation. (B) Flow
cytometric analysis of hPDLSCs using mesenchymal stem cell
markers, including CD13, CD34, CD90, and CD146. To analyze the
populations of CD13+, CD90+, CD146+ and CD34- cells was measured,
the percentages of cells to the right of the M1 gate were measured
(n=3).
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2. ATN does not affect the proliferation/migration of hPDLSCs
To examine the effects of ATN on in vitro cell proliferation,
hPDLSCs were treated with the indicated concentrations of ATN.
After 24 and 72 h of culture, MTT cytotoxicity test was conducted.
ATN displayed no toxicity at higher concentrations (Fig. 2B). To
investigate whether ATN affects the migration of hPDLSCs, confluent
monolayers were subjected to a wound-healing assay. Cells were
cultured with or without ATN for 0, 12, 18, or 24 h, and the
migration distances of the cells were measured. After 24 h, the
ATN-treated cells showed no differences from the control group (Fig.
2A).
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Figure 2. ATN does not affect the proliferation/migration of
hPDLSCs.
(A) Wound–healing assays showed cellular migration of hPDLSCs.
Confluent monolayers were wounded by scratching and then cultured
in the absence or presence of ATN (100 μg/ml) for 0, 12, 18, and 24
h. (B) To determine the in vitro cytotoxicity of ATN, hPDLSCs were
incubated with 0, 5, 10, 50, 100, and 200 μg/ml of ATN for 24, 72 h.
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3. ATN increases mineralized nodule formation of hPDLSCs
Human periodontal ligament mesenchymal stem cells (hPDLSCs) were
cultured in osteogenic differentiation medium, with/without 25, 50, or
100 μg/ml of ATN. Treatment of hPDLSCs with 100 μg/ml ATN
resulted in increased mineral nodules compared with the other
treatments. The highest calcium contents were also observed in the
100 μg/ml ATN-treated group after the destaining of Alizarin red S
(Fig. 3).
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Figure 3. ATN increases mineralized nodule formation of hPDLSCs.
Human periodontal ligament mesenchymal stem cells (hPDLSCs) were
cultured for 14 days in osteogenic differentiation medium in the
absence or presence of ATN (100 μg/ml). The effect of ATN on
mineral nodule formation of hPDLSCs was determined by alizarin red
S staining. The results of the destaining procedure showed higher
calcium contents in the ATN-treated (100 μg/ml) group. *: p < 0.05
compared to the 0 μg/ml group (n=3).
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4. ATN enhances the in vitro expression of osteo/odontoblastic
differentiation markers in hPDLSCs
To investigate whether ATN induces osteo/odontoblastic
differentiation of hPDLSCs, the expression levels of related genes
were examined with real-time PCR. There was a significant increase
in the mRNA expression levels of osteoblast- and
odontoblast-associated markers, including ALP, COL1, OPN, DMP1,
and DSPP when hPDLSCs were treated with ATN for 2 weeks (Fig.
4). In western blotting, ATN treated cells significantly increased the
expression of OCN, DSPP, DMP1, and Runx2, and slightly increased
the expression of BSP compared with the control group (Fig. 5A, B).
BSP promoter activity showed an increased tendency for
over-expression of OSX gene in HEK 293 cells treated with ATN
(100 μg/ml) as compared with the control group (Fig. 5C). These
results suggest that ATN promotes osteo/odontoblastic differentiation
of hPDLSCs.
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Figure 4. ATN enhances the in vitro expression of osteo/odontoblastic
differentiation markers in hPDLSCs.
To investigate the effects of ATN on the differentiation of hPDLSCs,
osteoblast- and odontoblast-associated genes were analyzed using
real-time PCR. *: p < 0.05 compared to the 0 μg/ml group (n=3).
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Figure 5. ATN enhances the in vitro expression of osteo/odontoblastic
differentiation markers in hPDLSCs.
To investigate the effects of ATN on the differentiation of hPDLSCs,
osteoblast- and odontoblast-associated genes were analyzed using
western blot analysis (A, B). The BSP promoter assay was
performed in OSX gene over-expressed HEK 293 cells with or
without ATN (C).
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5. ATN showed no significant effects on osteo/odontoblastic
differentiation of hPDLSCs in vivo
To inspect the effects of osteo/odontoblastic differentiation and
mineralized tissue formation in vivo, a transplantation model with
treated dentin matrix (TDM) was used. After 8 weeks of
transplantation, the transplanted mice were sacrificed. The
ATN-treated samples showed no mineralization area and there were
no significant differences from the control group. Multinucleated cells
were observed around the TDM tissue, and absorption of some dentin
matrix was also suspected in the ATN-treated samples (Fig. 6).
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Figure 6. ATN showed no significant effects on osteo/odontoblastic
differentiation of hPDLSCs in vivo.
H&E staining of treated dentin matrix (D) and transplanted tissue
showed no significant differences between ATN-treated group and
control group. Multinucleated cells were observed around the
implanted tissue and absorption of some dentin was also suspected
(white arrow).
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6. Cytotoxicity of ATN in MDCK cells
MDCK cells were incubated in the presence of four fold ATN serial
dilutions for 48 h. The viability of cells was then estimated using the
MTT assay. As shown in Fig. 7, the CC50 value was 4280 μg/ml.
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Figure 7. Cytotoxicity of ATN in MDCK cells.
MDCK cells were treated with serially diluted ATN (at
concentrations as shown in the figure) and incubated for 48 h. The
cell viability was determined using the MTT assay.
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7. ATN has antiviral property against influenza viruses of
subtypes H1N1 and H3N2
In this study, three ways to check the anti-influenza property of
ATN were used. The first was to pretreat the MDCK cells with
ATN for an hour and washing it off with PBS and then incubating
the MDCK cells with virus. The second was to mix ATN and
viruses and then incubated the mixture with MDCK cells. Third, after
1 h of infection, the supernatants were washed with PBS and treated
with ATN. The concentration of the ATN was 50, 100, and 200
μg/ml and MOI was 0.1. All supernatants were collected at 24 h pi
(post-infection) and the viral titer was determined using a
hemagglutination assay. In the second and third methods, there were
no differences from the control group, but in the first method, ATN
showed antiviral properties. An inhibition of the virulence of the
viruses was observed at ATN concentrations of 100 μg/ml and 200
μg/ml for H1N1, and 100 μg/ml for H2N2 (Fig. 8A). Microscopy also
confirmed that more host cells survived when the MDCK cells was
treated with ATN (100, 800 μg/ml) (Fig. 9).
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Figure 8. ATN has antiviral property against influenza viruses of
subtypes H1N1 and H3N2.
(A) ATN showed inhibitory properties at concentrations of 100 and
200 μg/ml for the H1N1 virus and at concentrations of 100 μg/ml for
the H3N2 virus. (B) Influenza virus-ATN binding assay shows that
H1N1 is directly bound with ATN.
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Figure 9. ATN increases the survival rate of cells infected with
influenza (H1N1, H3N2) viruses.
MDCK cells infected with influenza viruses (MOI 0.5) were treated
with ATN (100, 800 μg/ml). More cells survived when the virus was
treated with ATN. Microscopic examination was done at 24 h pi
using a microscope with 4X objective lens.
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8. ATN exhibits antiviral activity at an early stage of infection
To explore the antiviral mechanism of ATN, a time-of-addition assay
was performed. H1N1 was used to infect MDCK cells at MOI of 0.5.
ATN was treated at six intervals (Fig. 10A). The results showed
that the addition of ATN before virus adsorption (-3 to -1) showed
similar results with whole period treatment (-3 to 9). In the results
of the Influenza virus-ATN binding assay (Fig. 8B), HA unit of
H1N1 was reduced at 100 μg/ml concentration, indicating the
possibility that the ATN bound with the hemagglutinin (HA) of the
H1N1 directly.
The effect of ATN in early stage was confirmed through the amount
of intracellular viral RNA (M1 protein). The pre-treated group (-3 to
-1) and co-treated group (-1 to 0) showed a lower level of viral
RNA than the control group (Fig. 11B).
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Figure 10. ATN exhibits antiviral activity at an early stage in a
time-of-addition assay.
(A) Schematic diagram of ATN treatment. MDCK cells were infected
with H1N1 (MOI = 0.5) at -1 to 0 h. ATN (100 μg/ml) was
incubated with the MDCK cells for the durations indicated. All
supernatants were collected at 9 h pi to determine the titers using
TCID50. (B) The results show that ATN has an antiviral property. *:
p < 0.05 compared to the virus only group (n=3); **: p < 0.01
compared to the virus only group (n=3).
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Figure 11. ATN inhibits viral RNA synthesis at an early stage of
infection.
(A) Schematic diagram of ATN treatment. MDCK cells were infected
with H1N1, H3N2 (MOI = 0.1) and treated with ATN (1 mg/ml). All
supernatants were collected at 9 h pi. (B) Viral RNA expression was
detected by real-time PCR using specific primers for M1 protein. *: p
< 0.05 compared to the virus only group (n=3).
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IV. DISCUSSION
Many modern drugs have been developed by verifying the effect of traditionally
used natural products. Verification of the therapeutic effects of a large number
of natural substances, that are widely used in Asia as traditional remedies, can
be an important starting point for the designing of new drugs. While traditional
medicinal substances might have higher chances of being clinically safer than
the novel phytochemicals, the identification of their definitive active ingredients
remains challenging as their chemical composition may differ based on
geographical location and the source of origin.
Dentin regeneration using stem cells was mainly studied using dental follicle
stem cells (DFSCs), dental pulp stem cells (DPSCs) and stem cells from apical
papilla (SCAP) (25, 29, 30). Human periodontal ligament stem cells (hPDLSCs)
have been previously studied for cementum and PDL regeneration (29, 31, 32),
and a few studies report the regeneration of dentin using hPDLSCs. In a recent
study comparing hPDLSCs with DFSCs, the regeneration of dentin was
observed when hPDLSCs was transplanted with treated dentin matrix (TDM)
(33); the examination of the harvested grafts showed that hPDLSCs formed
dentin-like tissues similar to those formed by DFSCs. However, the structure of
dentin tissues generated by DFSCs was observed to be more complete. It
seems that the microenvironment of TDM plays a pivotal role in the dentin
regeneration of hPDLSCs (25). In the present study, the efficacy of ATN was
evaluated by dentinogenesis-associated genes. The expression of odontoblastic
differentiation-related genes, such as DMP1 and DSPP, was upregulated as
determined using real-time PCR and western blot analysis. These results
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suggest the possibility of dentin regeneration by ATN. DMP-1 is a member of
the SIBLING family whose expression is enhanced by mechanical loading in
osteocytes (34). DMP-1 knockout results in hypomineralization due to elevated
FGF-23 production (35). Although DMP-1 was originally thought to be specific
to dentin, it has been subsequently found to be synthesized by osteoblasts as
well (36). Also, DSPP and/or its cleaved products DSP and DPP which were
previously believed to be dentin-specific, have been recently shown to be
expressed in bone, cementum, and some non-mineralized tissues (37).
Nevertheless, many studies suggest that these markers play an important role
in the formation of dentin (38-40).
In the current study, the dentinogenic functions of ATN were investigated in an
in vivo environment by implanting ATN-treated hPDLSCs into mice at a site
with no mineralization capacity. An inductive scaffold of TDM was used to
achieve dentin regeneration with hPDLSCs in vivo. However, there were no
significant differences between the control group and the ATN-treated group. In
the control group, hard tissue regeneration was rarely observed which
contradicts the results of a previous study (33). These results show that even if
hard tissue regeneration is observed in the ATN-treated group, the results are
unreliable. Similar studies using DFSCs have reported that implantation,
immediately after seeding DFSCs to the TDM, did not show a satisfactory
result (37). In the present study, hPDLSCs were implanted into the mouse on
the next day of seeding to the TDM. Therefore, there is a possibility that
hPDLSCs were transplanted without enough differentiation. Furthermore,
multinucleated cells were observed around TDM, and absorption of some dentin
was also suspected. This may be attributed to the death of hPDLSCs due to
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inflammatory reactions.
Previous reports have shown that hPDLSCs have the potential to differentiate
into osteoblasts. Multipotential availability was confirmed in this study. When
PDLSCs were implanted into periodontal defects in an in vivo study, PDL-like
tissue formation and bone regeneration were identified (41). Furthermore, enamel
matrix derivative and ET-1 were reported to promote the osteoblastic
differentiation of hPDLSCs (42, 43). In the present study, the influence of ATN
on osteoblastic differentiation of hPDLSCs was evaluated. The results of
Alizarin red S staining showed that the calcium deposition was increased after
2 weeks of incubation in the osteogenic induction medium treated with ATN.
The mRNA expression of osteoblastic differentiation-related genes such as ALP,
Col1, and OPN were upregulated using real-time PCR, and western blot
analysis with ATN showed an increased level of expression of OCN, BSP, and
Runx2. Furthermore, OSX gene over-expressed HEK 293 cells showed a
tendency of increasing BSP promoter activity compared to the control group.
Runx-2 is the bone-specific transcription factor and has a major impact on
osteoblast differentiation (44, 45). Phosphorylation of Runx2 is a major factor in
increasing the various gene expression for osteoblast differentiation (46). ATN
can regulate osteoblast differentiation through phosphorylation. Additionally,
OCN and BSP are also osteoblast-specific markers, and they are present during
the late stages of osteoblast differentiation. Therefore, the upregulation of OCN
and BSP expression indicate an ATN-induced maturation of osteoblasts. In this
study, the changes in osteoblastic differentiation related genes expression
suggest that ATN could promote the osteoblastic differentiation of hPDLSCs.
Combining the results of this study, it is evident that ATN could promote
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osteo/odontoblastic differentiation. It will be difficult to assess the two effects
separately because of the overlapping expression of the genes involved in
osteogenesis and odontogenesis. Moreover, further in vivo studies are needed to
confirm the process of differentiation.
M2 channel inhibitors and neuraminidase inhibitors are approved antiviral drugs
available at present (21). The recent emergence of viruses resistant to these
drugs has raised concerns about new potentially pandemic influenza strains (22,
23). Therefore, it is necessary to develop a new antiviral agent without
resistance. Antiviral activity of ATN which has been known to have anti-flu
property were evaluated in the current study.
ATN was shown to have an inhibitory effect against H1N1 and H3N2. The
results of the time-of-addition assay indicated that ATN inhibited early stages
of the influenza virus (H1N1). It is hypothesized that ATN may interfere with
virus binding because pre-treatment of ATN has adequate antiviral effect.
However, ATN alone does not appear to bind with the RBCs. Therefore, ATN
would not attach to the HA receptor of the host cell. Rather, it is thought to
cause a change in the binding site of the cell surface. HA is cleaved to HA1
and HA2. HA1 is responsible for cell-virus binding. HA2 catalyzes
fusion/genome uncoating by membrane fusion at an early stage of replication.
Influenza virus-ATN binding assay showed that ATN can reduce influenza
virus(H1N1)-induced RBC agglutination (Fig. 8B) suggesting that ATN may
bind to the HA receptor-binding region (HA1).
Antiviral drugs that target the genetically consistent HA2 proteins (i.e. the stem
region of HA proteins) of influenza viruses, have been widely studied (47-49).
Antiviral drugs inhibiting virus attachment have also been developed, for
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example, the drugs that disable the sialic acid present on the respiratory
epithelial cell surface inhibiting the binding of the virus to the host cell’s
surface receptors (50). Using a similar mechanism, ATN may suppress viruses
by inhibiting the cell to virus interaction. At this point of time, it is difficult to
know what are the active components of ATN that are involved in this
mechanism. Further studies are need to identify and characterize the
components of ATN to aid the development of new ATN-based antiviral drugs.
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V. CONCLUSIONS
Angelica tenuissima Nakai (ATN) is a traditional medicine used to treat
toothache, and flu-like symptoms. However, no research has been conducted on
these therapeutic effects of ATN. In this study, periodontal tissue regeneration
ability and antiviral property of ATN were investigated in vitro. The results of
current study confirmed that
1) ATN has no cytotoxicity and does not affect cell migraion of hPDLSCs.
2) ATN promotes osteoblastic/odontoblastic differentiation of hPDLSCs in vitro,
as shown in real-time PCR and Western blot. ATN treated hPDLSCs increased
osteoblastic/odontoblastic differentiation markers such as ALP, BSP, COL1,
OCN, OPN, DMP1, DSPP and Runx2.
3) ATN shows the antiviral property against the influenza virus at the early
stages of viral infection.
4) As a clinical implication, these results indicating ATN’s potential use for
periodontal tissue regeneration and anti-influenza treatment.
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조골세포/조상아세포 분화 촉진 효과
및 인플루엔자 바이러스에 대한
항바이러스 성질, 시험관 내 연구
서울대학교 대학원 치의과학과 구강악안면외과
(지도교수 : 정 필 훈)
박 원 종
1. 목 적
한고본은 치통, 두통, 감기증상의 치료에 사용되는 한약재로 그 효과에
대한 연구가 자세히 이루어지지 않았다. 특히 치통과 감기증상 치료에
대한 근거는 확실하지 않은 상태이다. 본 논문은 한고본이 지니는 이
효능에 대해 규명하고자 두 가지 방법으로 연구를 진행하였다.
치주질환은 가장 흔한 만성질환으로 이를 치료하기 위해 많은 연구가
이루어져 왔다. 치주조직은 치통을 일으키는 가장 흔한 원인으로 치조골
파괴를 동반하여 동통을 유발한다. 한고본이 파괴된 경조직 재생효과를
통해 통증을 조절할 것이라는 가설 하에 사람치주인대줄기세포를 이용하
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여 한고본의 효과를 알아보았다.
한고본은 감기의 치료에 이용되는 약물로서 그 기전을 살펴보기 위해
influenza virus에 대한 항바이러스효과를 검증하고자 하였다.
2. 방 법
성인에서 발치된 제3대구치의 치주인대 조직에서 줄기세포를 얻었다.
배양한 줄기세포를 유세포 분석과 골모세포, 연골세포, 지방세포로의 분
화를 통하여 줄기세포 표지자 및 다분화능을 확인하였다.
Cell proliferation 에 미치는 영향을 보기위해 MTT test와 Cell
migration test를 시행하였으며 독성을 가지지 않는 여러 농도에서 골분
화를 유도 하였다. Alizarin red staining 염색을 통해 광화를 확인하였고
이후 real-time PCR 및 western blot을 통해 다양한 표지자를 확인하였
다. Osterix를 과발현한 세포에 한고본이 미치는 영향을 확인하기 위해
형질주입과 발광효소 분석을 시행하였다.
동물실험을 위해 누드마우스의 피하에 한고본을 처리하거나 처리하지
않은 치주인대 줄기세포와 treated dentin matrix을 이식하고 8주 뒤에
H&E stain을 통해 효과를 확인하였다.
H1N1, H3N2 virus에서 한고본의 항바이러스 효과를 보기위해 MDCK
cell 에 MTT assay를 시행하고 CC50을 구하였으며 바이러스 역가 측정
을 위해 Hemagglutination inhibition assay와 TCID50를 시행하였다.
time of addition assay, microscopic examination, influenza virus-ATN
binding assay, real-time PCR 이 시행되었다.
3. 결 과
사람치주인대줄기세포에 대해 유세포 분석을 시행한결과 중간엽 유래
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줄기세포의 표지자(CD13+, CD90+, CD146+, CD34-)를 확인하였으며 분화
유도를 시행했을 때 골조직, 연골조직, 지방조직으로 분화가 가능함을 확
인하였다. MTT assay에서 200 µg/mL 까지는 세포독성이 나타나지
않았으며 Cell migration test에서는 대조군과 특별한 차이는 보이지 않
았다. 또한 100 µg/mL의 농도에서 치주인대줄기세포의 광화가 더 촉진
되었다. real-time PCR을 시행하였을 때 Alkaline Phosphatase(ALP),
Dentin Matrix protein (DMP1), type 1 collagen (COL1), Osteopontin
(OPN), Dentin Sialophosphoprotein(DSPP)의 증가를 확인하였다.
Western blot 에서는 osteocalcin (OCN), dentin sialophosphoprotein
(DSPP), dentin matrix protein (DMP1), Runt-related transcription
factor 2 (Runx2) 단백질이 증가하였다. 형질주입과 발광효소분석에서는
Osterix DNA를 과활성화한 293 cell에 한고본을 처리했을 때 Bone
Sialoprotein (BSP) promotor 활성이 증가하는 경향을 확인하였다. 누드
마우스를 이용한 동물실험에서는 대조군과 실험군 모두에서 골화는 관찰
되지 않았다.
ATN은 H1N1, H3N2 virus에 대해서 항바이러스 성질을 나타내었다.
현미경 결과에서 더 많은 세포가 살아남음을 확인하였고 바이러스 처리
전에 ATN을 처리한 그룹에서 전 기간 동안 처리한 그룹과 유사한 억제
효과를 보여주었다. 바이러스 처리 전, 바이러스와 동시에 ATN을 처리
한 군에서 대조군보다 낮은 viral RNA(M1 protein) 수준을 보여주었다.
4. 결 론
한고본은 사람치주인대 줄기세포의 조골세포/조상아세포 분화 촉진 효
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